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We  developed  an  index  (MESH  – Macroinvertebrates  in  Estonia:  Score  of  Hydromorphology)  to  assess
hydromorphological  quality  of Estonian  surface  waters  based  on  macroinvertebrate  taxonomic  compo-
sition. The  MESH  is  an average  score  based  on the  afﬁnities  of  selected  indicator  taxa  to  ﬂow  velocity  and
bottom  type.  As both  parameters  were  highly  correlated  (r =  0.65)  indicator  response  to both  parameters
were  combined.  The  list  of  MESH  indicators  includes  394  freshwater  macroinvertebrate  taxa  derived
from  3282  samples  collected  from  rivers  and  lakes  during  1985–2009.  The  indicators  were  selected  out
of 690  taxa,  by applying  the  information-theoretical  Kullback–Leibler  divergence.  The  individual  scores
of macroinvertebrates  range  from  0 to  3, the  higher  scores  indicating  faster  ﬂow  and/or  solid  bottom  sub-
strate.  For  standing  waters,  ﬂow  velocity  was  always  considered  zero.  Among  the  reference  waterbodies,
mean MESH  was  the  highest  for  small  streams  followed  by  middle  streams,  large  streams,  and  lakes.  Inydromorphological quality
acroinvertebrates
lakes with  medium  water  hardness  (the  prevailing  type  in  Estonia),  the  MESH  decreased  gradually  from
stony  to muddy  bottom.  The  highest  MESH  values  for standing  waters  were  observed  in  the  stony  surf  zone
of very  large  lakes  (area  > 100  km2).  The  lowest  values  occurred  for small  lakes  with  exceptional  hydro-
chemical  characteristics  (soft-  and  darkwater,  and  calcareous  types).  Similarly,  MESH indicated  stream
degradation  by  damming.  Mean  MESH  in  reservoirs  with  a muddy  bottom  was  signiﬁcantly  lower  than
in reservoirs  with  a hard  bottom,  or in  unregulated  stream  sections.ntroduction
Stressor-speciﬁc indices and assessment systems using benthic
acroinvertebrates have mainly been generated for organic pollu-
ion, acidiﬁcation and the impact of heavy metals both in streams
nd lakes (Johnson et al., 1993). More recently, physical distur-
ances like damming, channelization, separation of channel and
oodplain, and destroying of the riparian vegetation have become
ore relevant in Europe and has thus been included into assess-
ent methods (Böhmer et al., 2004; Feld, 2004; Lorenz et al., 2004).
ccording to the Water Framework Directive (2002),  macroinver-
ebrates are considered to be an important quality element for the
lassiﬁcation of the ecological status of both lakes and rivers. Käiro
t al. (2011) revealed that indices primarily developed to detect
rganic pollution and/or general degradation were also sensitive to
ydromorphological stress caused by damming of streams. In cases
∗ Corresponding author at: Centre for Limnology, Institute of Agricultural and
nvironmental Sciences, Estonian University of Life Sciences, Rannu 61117, Tartu-
aa, Estonia.
E-mail address: kairi.kairo@ut.ee (K. Käiro).
075-9511/$ – see front matter ©  2011 Elsevier GmbH. All rights reserved.
oi:10.1016/j.limno.2011.09.006© 2011 Elsevier GmbH. All rights reserved.
of mud accumulation upstream of dams, a decreasing number of
sensitive species was observed in accordance with the correspond-
ing indices. Likewise, the EPT density (% abundance of families of
Ephemeroptera, Plecoptera and Trichoptera) used in a case study by
Sharma et al. (2005) was lower upstream and directly downstream
of a dam. Stream channel modiﬁcations were negatively correlated
with ASPT (Average Score Per Taxon), frequently used in the UK
(Davy-Bowker and Furse, 2006). Some commonly used biomoni-
toring metrics (taxa richness, density, Ephemeroptera, Plecoptera,
and Trichoptera (EPT) richness, EPT density, and EPT/Chironomidae
richness) were consistently signiﬁcantly negatively correlated to
deposited ﬁne sediment (Zweig and Rabeni, 2001).
However, in order to describe the adverse effects of direct hydro-
morphological changes, more speciﬁc methods are required. In
running waters, human activity may  both inhibit or accelerate the
ﬂow, thus causing stress for rheophilic (in the case of stagnant sec-
tions upstream of dams) or limnophilic (in the case of artiﬁcial lithal
habitats) species (Baxter, 1977; Ward and Stanford, 1979; Lorenz
et al., 2004; Nichols et al., 2006; James and Suren, 2009). In Europe,
the indices of ﬂow sensitivity of stream macroinvertebrates were
established in Great Britain (Extence et al., 1999) and in Germany
(Banning 1990 ref. Meier et al., 2006; Schmedtje and Colling, 1996).
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In running waters, water level ﬂuctuation below the dam and
ater abstraction usually strongly inﬂuences the structure of the
acroinvertebrate community (Dewson et al., 2007; Chessman
t al., 2010; McEwen and Butler, 2010; Poff and Zimmerman, 2010).
n standing waters, the composition of macroinvertebrate assem-
lages was also strongly associated with the amplitude of water
evel regulation (Palomäki, 1994; Aroviita and Hämäläinen, 2008;
hompson and Ryder, 2008). Taxon richness may  also decrease with
he increasing intensity of human changes of shoreline develop-
ent (Brauns et al., 2007, 2008). Ship-induced waves had a negative
ffect on lake macroinvertebrates on most types of bottom sub-
trates (Gabel et al., 2008).
In lakes, stones or gravel prevail in wave zones, while sand
nd other ﬁner particles concentrate in more calm conditions.
egulation of water level, and/or deﬁciency of hard substrates
ay  alter these dependencies (Baenziger, 1995; Sauter and Gude,
996; Rasmussen and Rowan, 1997). While in deep or large lakes
ud  particles are automatically transported into the profundal or
nto the leeward shore, in shallow or small lakes they may  con-
entrate anywhere in the littoral, particularly in the vegetation.
n case alternative hard substrates are not available, shallow-
ater macroinvertebrates only assemble on the macrovegetation
Beckett et al., 1992; Olson et al., 1996; Marklund et al., 2001), or
n artiﬁcial materials (Gretler and Ostendorp, 1997; Quinn et al.,
998; Czarnecka et al., 2009).
Our goal was to assess hydromorphological conditions of Esto-
ian lakes and rivers based on the taxonomic composition of
acroinvertebrates. Water regulation and channelization serve as
he two most signiﬁcant types of hydromorphological stress in
stonian running waters (Järvekülg, 2001). However, the existing
orresponding systems (Extence et al., 1999; Meier et al., 2006)
ere not well extrapolatable to Estonia because of signiﬁcant dif-
erences in sampling strategy and in the lists of indicator taxa.
oreover, we aimed to include also lentic waterbodies that had
ot or insufﬁciently taken into account earlier. We  hypothesize
hat, in addition to ﬂow velocity, the relevance of bottom type (or
ts combination with ﬂow velocity) as a measure of hydromorpho-
ogical conditions should be considered for developing the index.
ther factors (such as ﬂow permanence, destroying of the riparian
egetation) were not included.Individually, we performed the following steps:
. We  estimated the afﬁnities of macroinvertebrate taxa both to
ﬂow velocity and bottom type, involving a wide variety of
able 1
umber of samples in different categories. Calcareous lakes: conductivity > 400 S cm−
ark-coloured lakes: conductivity < 165 S cm−1, absorbance factor at 400 nm ≥ 4 m−1, c
actor  at 400 nm < 4 m−1, colour < 8; coastal lakes: distance from the sea < 5 km,  content o
No. of samples 
General: Stra
Qualitative 2290 7 
Semi-quantitative
(abundance estimated at least for part of
a  sample)
992 6 
Total  3282 5 
Season: 4 
Spring (April–May) 1645 3 
Summer (June–August) 1021 2 
Autumn (September–November) 604 1 
Winter (January–March) 12 Not 
Type  of waterbodies: Lim
Lotic  2269 Calc
Natural lakes 882 Med
Small lentic 131 Softw
Softw
Coas
VeryFig. 1. Study area. Black dots – stream sites, grey dots – lake sites, grey diamonds –
small standing water sites. V – Lake Võrtsjärv.
shallow waters (among them different kinds of natural running
waters and lake littoral; but also reservoirs, ponds, pools and
other small waterbodies).
2. We  arranged taxa with similar afﬁnities into groups (clusters).
3. We  speciﬁed indicators (taxa with statistically signiﬁcant afﬁni-
ties).
4. On the basis of these indicators, we developed a simple index in
order to rank macroinvertebrate samples from different water-
bodies.
Materials and methods
Study area
Estonia is a small country (area 45,200 km2) with a ﬂat landscape
(mean altitude 50 m above sea level), situated on the eastern shore
of the Baltic Sea (Fig. 1). Together with Latvia and Lithuania, it forms
the Baltic ecoregion in the sense of the Water Framework Direc-
tive, with a prevailing altitude lower than 200 m.  Estonia belongs
to the area of mixed forests of the temperate zone, bordering the
taiga. In comparison with the other European areas, it is character-
ized by a quite large proportion of raised bogs and forests (Raukas,
1995). The streams of Estonia are divided into seven types accord-
ing to catchment area and hydrochemical features (Status classes
and class boundaries for surface waterbodies and the procedure of
1; lakes with medium water hardness: conductivity 165–400 S cm−1; softwater
olour ≥ 8; softwater light-coloured lakes: conductivity < 165 S cm−1, absorbance
f chlorines > 25 mg l−1.
No. of samples No. of waterbodies
hler order of running waters:
29 1
89 5
84 13
443 68
796 218
587 238
197 86
estimated 44 31
nological type of lakes:
areous 25 13
ium water hardness 507 178
ater dark-coloured 103 32
ater light-coloured 171 27
tal 39 26
 large 37 2
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Table 2
Scaling of ﬂow velocities and bottom types in different habitats. FBS – Flow-Bottom Score. (n) – frequency of score-forming samples.
Flow Score
(n)
Flow velocity Bottom Score
(n)
Bottom type FBS
(n)
Habitat (combination of bottom type
and ﬂow velocity)
0
(1149)
Absent, or insigniﬁcant 0
(936)
Soft debris and mud, roots of
vegetation
0
(784)
Quagmire edges of swampy lakes,
reservoirs, ponds or pools
1
(285)
Sandy littoral of lakes; bog streams
1
(609)
Slow  (<0.2 m s−1; water surface smooth) 1
(591)
Sand, debris 2
(360)
Sandy-stony littoral of lakes;
slow-ﬂowing sandy streams
3
(486)
Stony littoral of lakes; slow-ﬂowing
sandy-stony streams
2
(1286)
Fast  (>0.2 m s−1; water surface smooth) 2
(1004)
Stones, gravel, sand 4
(690)
Fast-ﬂowing streams with different
bottoms, or slow-ﬂowing streams with
stony bottom
5
(538)
Fast-ﬂowing streams with stony
bottom, or very fast-ﬂowing streams
Stone
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(238)
Fast  (0.2 m s−1; whitewater) 3
(751)
lassiﬁcation, 2009). The lakes are divided into eight hydrochemical
ypes under which the two largest lakes, Peipsi-Pihkva (3538 km2)
nd Võrtsjärv (269 km2), form separate types each.
ampling sites and samples
Samples from shallow areas (depth < 1 m)  of Estonian freshwa-
ers were used to establish relationships between the taxonomic
omposition of macroinvertebrates and hydromorphological con-
itions. The data set consisted of 3282 samples from the database of
entre for Limnology, Estonian University of Life Sciences, collected
n 1985–2009 (Table 1, Fig. 1). We  believed that the large hetero-
eneity of the data would increase the reliability of the planned
ndex of hydromorphology.
The area of small lakes (<100 km2) ranged 0.4–1430 (mean
3 ± 11) ha. From the two largest lakes, Peipsi-Pihkva and Võrtsjärv
both with medium water hardness), 17 and 20 samples, respec-
ively, were included. The area and type of most small standing
aters was not speciﬁed.
Obviously human-stressed samples were not ignored. However,
olluted (mainly organically) sites accounted for only 15%, hydro-
orphologically inﬂuenced (dammed, channelized, and artiﬁcial
aterbodies) sites, 18%, and sites both polluted and hydromorpho-
ogically inﬂuenced, 4% of the whole dataset.
In the sampling protocols, both ﬂow velocity and bottom type
ere estimated visually using a four-level scale referred to below
s Flow Score, and Bottom Score. The lowest ﬂow velocity and the
oftest bottom were coded with “0”, the fastest ﬂow and the hard-
st bottom, with “3” (Table 2). Flow velocity in standing waters
as always coded with zero, irrespective of the bottom type. Com-
inations of values of Flow Score and Bottom Score were named
s Flow-Bottom Score. The introduction of Flow-Bottom Score was
otivated by a highly signiﬁcant correlation between Flow Scorend Bottom Score (r = 0.65, p < 0.0001, Table 3). This seven-level
cale is analogous to the ﬁrst principal component for the bivari-
te vector <Flow Score, Bottom Score> and characterizes largely
oth ﬂow and bottom. As Flow Score in standing waters was
able 3
oint distribution of Flow Scores (FS) and Bottom Scores (BS).
FS/BS 0 1 2 3 All
0 784 223 90 52 1149
1 62  193 251 103 609
2 77  170 582 457 1,286
3  13 5 81 139 238
All 936 591 1004 751 3282with different bottoms
s 6
(139)
Very fast-ﬂowing streams with stony
bottom
always considered zero, the corresponding Flow-Bottom Score for
hydromorphological conditions depended on bottom type only. As
bottom type in lakes is signiﬁcantly related to the intensity of water
movements, the Score indicates accumulation of soft sediments on
stony bottom.
Habitats with the same sore but from different water types were
treated separately (e.g. stony lake littoral and slow-ﬂowing stream
with similar scores). The most frequently sampled habitats were
lentic areas with soft bottom (Flow-Bottom Score: 784 cases) and
streams with varied ﬂow and bottom (Flow-Bottom Score: 690
cases) (Table 2).
Taxa
Preliminarily, 825 taxa with different identiﬁcation levels were
included in the analysis. The material was mostly identiﬁed to the
species or genus level according to Johnson’s (1999) list with some
modiﬁcations for Estonian freshwaters. Chironomids, oligochaetes
and the species of the other groups for which the identiﬁcation
required high magniﬁcation were not determined further. We  used
presence-absence data only as most samples (70%) were entirely
qualitative. Mean Flow-Bottom Scores were calculated for each
taxon, averaging the scores over the occurrence of taxa in differ-
ent habitats. The proportions of different habitats were taken into
account by dividing the taxon frequencies with their corresponding
habitat frequencies, which yielded the weighted scores.
All taxa were then grouped into twelve clusters on the basis of
their distribution over habitats and weighted scores, using the SAS
system procedure Fastcluster (SAS Institute Inc., 2008). The num-
ber of clusters (12) was  derived from the maximum number of the
habitats (Table 2; treating numerically similar but actually different
habitats separately). The clusters were then ranked according to the
mean weighted scores of their member taxa. In order to eliminate
some very small or ecologically similar items, some neighbouring
clusters were joined.
135 redundant taxa (e.g. those presented on the family, genus
and species levels, as well as those with inconsistent identiﬁcation
level) were removed. For the remaining 690 taxa, their informa-
tiveness (IG) with respect to the habitats was  calculated, using the
Kullback–Leibler difference (Rényi, 1970):
IGk =
a=3∑
qk(a)log2
qk(a)
p(a)
,a=0
where k is the taxon, qk(a) is the probability of occurrence of the
taxon in a habitat of type a and p(a) is the probability of type
a habitat among all sampling sites. IG compares the probability
H. Timm et al. / Limnologica 41 (2011) 398– 410 401
Table 4
Clusters and their combinations. WFBS – mean weighted Flow-Bottom Score, n – number of taxa in the cluster. FBS 6 – combined Flow-Bottom Score on the six-point scale,
FBS  4 – combined Flow-Bottom Score on the four-point scale. The table is based on 825 taxa.
Cluster no. WFBS n FBS 6 Approximate habitat description according to FBS 6 FBS 4 Approximate habitat description according to FBS 4
1 1.2 209 0 Muddy littoral 0 Muddy littoral
2 2.9  88 1 1
3  3.2 16 1 1
2  + 3 104 1 Sandy–muddy littoral 1
4  3.9 33 2 1
5  4.1 76 2 1
4  + 5 109 2 Stony–sandy littoral 1 Sandy littoral
6 5.5  104 3 2
7  6.0 2 3 2
6  + 7 106 3 Stony littoral 2
8  6.8 41 4 2
9  6.8 57 4 2
8  + 9 98 4 Slow-ﬂowing stream 2 Slow-ﬂowing stream, or stony littoral
10  8.6 139 5 3
3
3
3 Fast-ﬂowing stream
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12  11.0 4 5 
10  + 11 + 12 199 5 Fast-ﬂowing stream
istribution of habitats in the whole data set, with the distribution
f habitats among sites where the taxon was registered. The IG for
he taxon is low, if the taxon was found with similar probabilities
han occurred those habitats where it was encountered. If the taxon
as found only in one habitat, its IG obtains maximum values. The
tatistical signiﬁcance of IG was modelled using the SAS IML  pro-
edure, repeating the IG calculation 200,000 times with randomly
enerated data. The critical values of IG were calculated for signiﬁ-
ance levels  ˛ = 0.1, 0.05, 0.01, and 0.001. The statistical signiﬁcance
f 690 taxa to indicate sensitivity to certain conditions was tested.
axa whose IG was not signiﬁcant were discarded.
The index indicating the relationship between macroinvere-
rates and hydromorphological conditions was designed following
he example of the British Average Score Per Taxon (ASPT)
Armitage et al., 1983), where the ﬁnal score (ASPT) was achieved by
ividing the sum of individual scores (s) by the number of individual
ndicator taxa in the sample (n):
SPT = s1 + s2 + . . . + sn
n
Unlike in the case of ASPT, we considered that taxa belong-
ng to the same family and having the same afﬁnities should
ll be accepted as indicators (e.g. Potamophylax latipennis and P.
otundipennis). Taxa of higher than species level (e.g. Potamophylax
p.) were included if identiﬁcation to species was not possible, or if
tatistically signiﬁcant indicators on for the species level were not
vailable.
esults
lusters
The clusters arranged taxa with similar afﬁnities into groups.
ccording to the weighted Flow-Bottom Score values, some similar
r very small clusters were combined (e.g. Clusters 2 and 3, 4 and
, 6 and 7, 8 and 9, 10 and 11). Cluster 12, which included only
our taxa, was the closest to Clusters 10 and 11. Cluster 1 was most
eparate (Table 4).As a result, a preliminary scale based on six clusters was formed
ith corresponding score values 0–5 (Flow-Bottom Score 6). In this
ase, the scores 0–1 indicate the absence of ﬂow and soft bottom
MESH = Flow −  Bottom ScoFig. 2. Relationship between average Flow-Bottom Score 4 (FBS 4) and average
Flow-Bottom Score 6 (FBS 6), n = 3282.
(lake littoral). Scores 2 and 3 indicate weak ﬂow, or in the absence
of ﬂow hard or very hard bottom. Score 4 indicates moderate ﬂow
and hard bottom, and scores 5 and 6 indicate fast ﬂow and hard
bottom. In further view, two of the cluster group pairs (4 + 5 and
6 + 7; 8 + 9 and 10 + 11) had quite similar weighted Flow-Bottom
Score values even after the combination described above. After
joining these pairs, a four-level scale (Flow-Bottom Score 4) was
formed with meanings of the habitats quite similar to those of
Flow-Bottom Score 6. In any case, the outermost clusters were well
separable, while the middle units were quite similar to each other,
with relatively smooth transitions.
Comparison of Flow-Bottom Score 4 and Flow-Bottom Score 6
Average Flow-Bottom Score 4 and Flow-Bottom Score 6 scores
were calculated for the set of all sampling sites (n = 3282) from
which score-forming taxa were selected. The correlation between
these two  metrics was highly signiﬁcant (p < 0.0001, r = 0.99)
(Fig. 2). Hence, average Flow-Bottom Score 4 as the simpler of
the two  systems was chosen for further analysis. This metric
was  named as MESH (Macroinvertebrates in Estonia: Score of
Hydromorphology). Thus, the MESH is the average Flow-Bottom
Score consisting of the sum of the individual four-level scores of all
indicator taxa in a sample divided by the number of indicator taxa
(n) in the sample as follows:re41 + Flow − Bottom Score42 + . . . + Flow − Bottom Score4n
n
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Table 5
Afﬁnity of Estonian freshwater macroinvertebrates to ﬂow and bottom by large
taxon groups. FBS 4 – Flow-Bottom Score on the four-level scale. 0 – muddy bottom
without ﬂow, 1 – sandy bottom without ﬂow, 2 – slow-ﬂowing stream, or lake with
stony bottom, 3 – fast-ﬂowing stream with stony bottom. * includes also lamprey
larvae.
Animal group/FBS 4 0 1 2 3 Total
Hirudinea 1 3 7 0 11
Bivalvia 0 5 3 2 10
Gastropoda 5 16 5 2 28
Crustacea 0 4 2 1 7
Ephemeroptera 2 10 12 9 33
Odonata 24 8 7 1 40
Plecoptera 0 0 3 22 25
Heteroptera 11 12 3 1 27
Coleoptera 44 16 4 11 75
Trichoptera 20 15 17 48 100
Diptera 6 3 6 8 23
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Total 117 95 76 106 394
The index was calculated for all samples irrespective of sampling
ype.
ndicator taxa
In total, 394 taxa were qualiﬁed as indicators (Appendix A). The
umber of indicator taxa in all four score classes was relatively
imilar (Table 5). Standing waters with soft bottom were charac-
erized by the highest number of Flow-Bottom Score 4 indicators
117), followed by fast-ﬂowing streams (106). Approximately one
uarter of all indicators belonged to the caddisﬂies (Trichoptera),
ollowed by the water beetles (Coleoptera), the damsel- and drag-
nﬂies (Odonata) and the mayﬂies (Ephemeroptera). The stoneﬂies
Plecoptera) showed the highest afﬁnity to score 3 (fast ﬂow and/or
ard bottom). The frequency of taxa with score 3 prevailed also
mong the Trichoptera and the true ﬂies (Diptera). Low scores (0)
ere predominating among the snails (Gastropoda), the Odonata,
he water bugs (Heteroptera) and the Coleoptera.
Several taxa were not qualiﬁed as indicators because of rar-
ty, or insensitivity to hydromorphological conditions, including
ll Cnidaria and Bryozoa. Among the leeches, Placobdella costata
nd Theromyzon maculosum were also rare, while the semi-aquatic
aemopis sanguisuga was considered insensitive. The temporary-
ater inhabitant Aplexa hypnorum and the ﬁsh parasite Argulus
oliaceus represented insensitive snails and crustaceans, respec-
ively. Rarity was responsible for the non-inclusion of several insect
pecies with strong preferences to ﬂow and bottom types (the
ayﬂies Ametropus fragilis, Ephemerella karelica, Heptagenia ﬂava,
etretopus borealis, Siphlonurus aestivalis, S. lacustris, and S. lin-
aeanus; the odonates Brachytron pratense, Gomphus ﬂavipes and
yrrhosoma nymphula;  the caddisﬂies Lithax obscurus, Molanna
lbicans, Molannodes tinctus,  Oecetis testacea, Oligotricha striata,
richoleiochiton fagesii,  and Trichostegia minor).  Some taxa (e.g.
he water striders Aquarius sp., and spongeﬂies Sisyra sp., the
ater beetles Agabus sp., Ilybius fuliginosus and Laccophilus minutus;
he caddisﬂies Glyphotaelius pellucidus,  Limnephilus binotatus, Lype
haeopa, Oecetis lacustris, and O. ochracea,) showed low afﬁnities.
ikewise, the afﬁnity of the very common dipteran family Chirono-
idae (as a whole) to ﬂow and bottom was insigniﬁcant.
esting of MESHeference areas of Estonian freshwaters
In 2006, the reference values of six biological quality indices
total taxa richness, Shannon diversity, Average Score Per Taxon,
phemeroptera, Plecoptera and Trichoptera taxa richness, DanishFig. 3. MESH values for some stream habitats. A – Downstream of dams of hard-
bottomed reservoirs; B – downstream of dams of soft-bottomed reservoirs; C –
upstream of dams of hard-bottomed reservoirs; D – upstream of dams of soft-
bottomed reservoirs.
Stream Fauna Index, and Swedish Acidity Index) were established
for seven subtypes of streams and for eight subtypes of lakes in
Estonia (Status classes and class boundaries for surface waterbodies
and the procedure of classiﬁcation, 2009). The mean values of MESH
for these samples are presented in Table 6.
In general, MESH was  signiﬁcantly higher for natural running
than for natural standing waters. In small streams, ﬂow veloc-
ity and baserock type were not impacting the score. The effect
of velocity on MESH was more evident for middle-sized but, par-
ticularly, for large streams. For large streams, the mean score for
fast-ﬂowing sections was similar to that for slow-ﬂowing sections
of the middle-sized subtype. For slow-ﬂowing sections of large
streams, MESH was comparable to the corresponding value for
the stony bottom of large lakes. In this case, the highest mean
score value among the lakes was observed, indicating a semi-
rheophilic fauna. There are only two such lakes in Estonia, one
of which (Lake Võrtsjärv) was  used as the reference. The littoral
of the other very large lake (Peipsi-Pihkva) was densely inhabited
by the non-native gammarid species Gmelinoides fasciatus. Among
the small lakes with medium hardness (prevailing in Estonia),
the highest mean MESH was  observed for stony bottom, followed
by sandy and muddy areas. Likewise, the last value exceeded
the corresponding values for acid (softwater dark-coloured) and
calcareous types (both possessing vegetation-rich soft bottom).
Softwater light-coloured lakes (often with sandy bottom) and
seashore lakes (with different bottoms) were placed in middle
positions.
Regulated streams
The mean values of MESH were calculated for a dataset of
dammed streams in Estonia analysed in Käiro et al. (2011).  A total
of 16 stream sections were studied pairwise: one sample from the
reservoir, and the other from the reference area (downstream but
not very close to the dam). All reference sites were fast-ﬂowing
and hard-bottomed. Five reservoirs had hard bottom (sand, gravel,
or stones) while eleven reservoirs were ﬁlled with soft mud. As
is evident from Fig. 3, reference samples were not signiﬁcantly
affected irrespective of the fact whether their upstream-based
reservoirs had muddy bottom or not (A versus B). MESH values
for hard-bottomed reservoirs themselves were even quite simi-
lar to those from reference areas (Fig. 3, C versus A and B). The
only areas with signiﬁcantly changed ﬂow and bottom, according
to the macroinvertebrate taxonomic composition, were reservoirs
with muddy bottom (D). In the reservoirs and their reference areas,
MESH ranged from 1.32 (muddy reservoir; indicating clearly lentic
conditions, according to Table 6) to 2.93 (downstream of a hard-
bottomed reservoir; even higher than the average value for natural
fast-ﬂowing streams).
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Table 6
MESH values for some near-natural types and subtypes of Estonian freshwaters. AM – arithmetic mean, SD – standard deviation, n – number of measurements. Lake types: 1
–  calcareous, 2 – with medium water hardness, unstratiﬁed, 3 – with medium water hardness, stratiﬁed, 4 – softwater dark coloured, 5 – softwater light coloured, 6 – with
medium water hardness, area larger than 100 km2, 8 – coastal. Lake bottom types: 0 – mud  and vegetation, 1 – sand, 2 – gravel and stones. n – number of samples.
Stream catchment area (km2) Stream ﬂow Stream baserock type AM SD Minimum Maximum n
<100 Fast Limestone 2.69 0.17 2.27 2.96 36
<100  Fast Sandstone 2.71 0.16 2.42 2.91 11
<100  Slow Limestone 2.64 0.19 2.18 2.92 18
<100  Slow Sandstone 2.69 0.15 2.51 2.81 3
100–1000  Fast Mixed 2.69 0.22 1.83 2.96 35
100–1000 Slow Mixed 2.49 0.26 1.90 2.81 17
1000–10,000 Fast Mixed 2.48 0.20 2.17 2.76 8
1000–10,000 Slow Mixed 2.01 0.27 1.68 2.30 5
Lake  type Lake bottom type AM SD Minimum Maximum n
1 0 0.65 0.12 0.57 0.79 3
2  + 3 0 0.81 0.24 0.48 1.42 32
2  + 3 1 1.21 0.22 0.83 1.60 13
2  + 3 2 1.49 0.19 1.27 1.88 7
4  Mixed 0.57 0.30 0.21 1.11 10
0
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iscussion
The current Estonian quality estimation system using macroin-
ertebrates (Status classes and class boundaries for surface
aterbodies and the procedure of classiﬁcation, 2009) addresses
rganic pollution and general degradation of waterbodies rather
han hydromorphological characteristics. Although hydromorpho-
ogical degradation affects the benthic community through a
ultitude of distinct factors (Feld, 2004; Lorenz et al., 2004; Poff
nd Zimmerman, 2010) we only focused on ﬂow velocity and
ottom type, both of which have substantial effect on macroin-
ertebrates and are relatively easy to measure. As standing waters
ack unidirectional ﬂow, bottom type (which was  highly signiﬁ-
antly correlated with ﬂow velocity in our data set) is an indirect
arameter enabling estimation of changes in water velocity.
In very shallow areas with transparent water, both ﬂow velocity
nd bottom features can be visually detected without difﬁculty. In
eeper zones with dark or turbid water, the result may  be less sat-
sfactory. In such cases, the macroinvertebrate community, which
eeds relatively little effort to be sampled and processed, can yield
ore reliable results. In addition, the fauna indicates other possible
tress types in addition to hydromorphological stress.
In Great Britain, the velocity-indicating LIFE score responded
ell to changing ﬂow conditions. It also showed a progressive
own- or upstream decline as current velocities diminished and
ssociated features changed (Extence et al., 1999; Monk et al.,
008). For macroinvertebrates, the usual time for monitoring in
orth Europe is the ice-free period, except for midsummer when
everal insect indicators have left the water (Johnson, 1999; Skriver
t al., 2000). Similar relationships between the seasons and biolog-
cal river quality were observed also for Estonian streams (Timm
t al., 2008). As anthropogenic inﬂuences on waterbodies are not
eason-dependent, a perfect quality estimation system should still
e possible in summer (Gabriels et al., 2010).
We considered a combination of two metrics a more informa-
ive factor for macroinvertebrate communities than ﬂow velocity or
ottom type alone. As the MESH index was designed to be applied
o any kind of macroinvertebrate samples, the local list of indica-
ors, rather than the sampling method, will limit its use in other
egions outside Estonia.For the Baltic region, MESH has several advantages over simi-
ar indices. It includes more local indicators (n = 394), and involves
entic waterbodies that were not taken into account, or were inade-
uately represented earlier. The LIFE index applied in Great Britain.37 0.33 1.53 12
.19 1.71 2.07 4
.26 0.59 1.52 10
is based on 3 min  kick/sweep net sampling of all habitats (Extence
et al., 1999). Species are allocated to one of six ﬂow groups (faster
ﬂows yielding lower scores), using literature information. On the
contrary, the samples from Estonian freshwaters were either quali-
tative or based on bottom area. Direct calculation of the other scores
on the basis of the Estonian material was not performed because
of incompatibility of sampling procedures. However, the correla-
tion between the scores of the common elements for individual
taxa in MESH and LIFE was  fair (p < 0.05, r = −0.5987, n = 252). After
transforming the verbal categories of rheophility into the corre-
sponding six classes in Schmedtje and Colling (1996) (ignoring the
class “indifferent”), a quite similar result was achieved (r = −0.5829,
n = 271). The analogous correlation between the scores for the
MESH and Rheoindex taxa (Meier et al., 2006) only regarding run-
ning water species was  obviously insigniﬁcant (p > 0.05, r = 0.0862,
n = 237).
In conclusion, MESH indicated higher ﬂow and harder bottom:
(1) in running than in standing waters, (2) in fast-ﬂowing streams
than in slow-ﬂowing streams, and (3) in hard-bottomed lake lit-
toral than in soft-bottomed lake littoral. Similarly, MESH indicated
degradation by damming.
Macroinvertebrates preferring different waterbody types (slow-
ﬂowing streams and rivers, and stony littoral of lakes) were
assigned similar afﬁnities (score 2 in Table 4). These habitats,
although different in their physical bottom type (sand and debris
in running waters; stones, gravel and some sand between them in
standing waters) supported a quite similar fauna. Typical represen-
tatives of such areas were the caddisﬂies Neureclipsis bimaculata
and Hydropsyche contubernalis, as well as several molluscs and
leeches. Possibly, larger lakes with a stony littoral usually pos-
sess major tributaries and outﬂow, which increases the probability
rheophiles occurring in the littoral. On the other hand, hydro-
morphological conditions for macroinvertebrates in wind-exposed
stony shores of lakes may  be comparable with slow-ﬂowing
streams. In an earlier study (Timm and Möls, 2008), we noted
that the macroinvertebrate fauna in lake littorals, dammed reser-
voirs and slow-ﬂowing sections of streams may  coincide to a great
degree.
MESH is potentially useful in detecting several kinds of hydro-
morphological stress in Estonia and faunistically similar areas.
To supplement our knowledge in the future, hydromorphological
afﬁnities of additional taxa should be established and the values
obtained so far should be checked. We  plan to test MESH involv-
ing more data on differently stressed waterbodies, surface water
4 ologica
t
u
F
A
c
S
b
w
f
o04 H. Timm et al. / Limn
ypes, and seasons and to develop corresponding reference val-
es and quality levels for MESH in line with the European Water
ramework Directive.
cknowledgements
The study was supported by the Estonian Ministry of Edu-
ation and Research (target-ﬁnanced projects SF0170011s08,
F0170006s08, SF0180026s09 and the ETF grant no. 7643), and
y the Estonian Centre of Excellence in Genomics. The research
as carried out at the Estonian University of Life Sciences, Centreor Limnology and was based on the hydrobiological collections
f the national programme “Humanitarian and natural science
No. Taxon Taxa group ID-AQEM
1 Tricladida Gen. sp. Platyhelminthes 9248 
2 Mermithidae Gen. sp. Nematoda 9249 
3  Gordiidae Gen. sp. Nematomorpha 9808 
4  Spongillidae Gen. sp. Porifera 8846 
5  Lampetra sp. (larvae) Cyclostomata 
6  Oligochaeta Gen. sp. Annelida 8736 
7 Alboglossiphonia heteroclita Hirudinea 4261
8  Erpobdella octoculata Hirudinea 5159 
9 Erpobdella testacea Hirudinea 5161 
10  Erpobdella sp. Hirudinea 5160 
11  Glossiphonia complanata Hirudinea 5304 
12  Glossiphonia sp. Hirudinea 5310 
13  Helobdella stagnalis Hirudinea 5413 
14 Hemiclepsis marginata Hirudinea 5444 
15  Hirudo medicinalis Hirudinea 5485 
16 Piscicola geometra Hirudinea 6408 
17  Theromyzon tessulatum Hirudinea 7034 
18  Anodonta anatina Bivalvia 7381 
19 Anodonta cygnea Bivalvia 4324
20  Dreissena polymorpha Bivalvia 4999 
21 Margaritifera margaritifera Bivalvia 5943 
22  Pisidium sp. Bivalvia 6425 
23  Pseudanodonta complanata Bivalvia 19396 
24  Sphaerium sp. Bivalvia 6886 
25  Unio crassus Bivalvia 19440 
26 Unio  pictorum Bivalvia 19441
27  Unio tumidus Bivalvia 19442 
28 Acroloxus lacustris Gastropoda 4205 
29  Ancylus ﬂuviatilis Gastropoda 4310 
30  Anisus vortex Gastropoda 4318 
31  Anisus vorticulus Gastropoda 4320 
32  Bathyomphalus contortus Gastropoda 4433 
33  Bithynia leachii Gastropoda 19308 
34  Bithynia tentaculata Gastropoda 4462 
35  Galba truncatula Gastropoda 5284 
36  Gyraulus albus Gastropoda 5354 
37  Gyraulus crista Gastropoda 5356 
38  Gyraulus sp. Gastropoda 5359 
39  Hippeutis complanatus Gastropoda 5483 
40  Lymnaea stagnalis Gastropoda 5916 
41  Myxas glutinosa Gastropoda 6067 
42  Physa fontinalis Gastropoda 6395 
43 Planorbarius corneus Gastropoda 6431 
44  Planorbis carinatus Gastropoda 6435 
45  Planorbis planorbis Gastropoda 6436 
46  Potamopyrgus antipodarum Gastropoda 8251 
47  Radix auricularia Gastropoda 6669 
48 Radix  balthica f. ovata Gastropoda 16959 
49  Radix balthica f. peregra Gastropoda 16959 
50  Stagnicola palustris Gastropoda 6905 
51  Theodoxus ﬂuviatilis Gastropoda 7025 
52  Valvata macrostoma Gastropoda 7143 
53  Valvata piscinalis Gastropoda 19443 
54  Viviparus contectus Gastropoda 7157 
55  Viviparus viviparus Gastropoda 7158 
56  Asellus aquaticus Crustacea 8691 
57  Astacus astacus Crustacea 4357 
58 Gammarus lacustris Crustacea 5290  41 (2011) 398– 410
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Appendix A.
List of taxa with signiﬁcant Flow-Bottom Score 4 (FBS 4) val-
ues. ID-AQEM – code in the database of taxa and autoecology of
European freshwater organisms (http://www.freshwaterecology.
info/TaxaDB Search.php), n – number of records, WFBS – weighted
Flow-Bottom Score, IG – informativeness of taxon with respect to
habitat, Sign – signiﬁcance level (1 – 0.1, 2 – 0.05, 3 – 0.01, and 4 –
0.001).
 FBS 4 n WFBS IG Sign
2 465 7 0.1116 4
2 63 5 0.1901 2
2 10 8 1.2141 3
2 93 5 0.1810 4
2 10 6 1.2366 3
2 1593 6 0.0287 3
1 10 3 1.0125 2
2 799 6 0.0321 4
2 69 4 0.1844 3
2 1087 6 0.0156 1
2 493 6 0.0745 4
2 544 6 0.0579 4
2 317 4 0.1698 4
1 58 3 0.4703 4
0 8 1 1.7040 3
1 119 4 0.4001 4
2 40 6 0.2232 1
2 67 4 0.5632 4
1 20 2 0.7983 3
1 91 4 0.3266 4
2 5 7 1.7150 2
2 1211 6 0.0922 4
3 6 9 1.4273 2
1 549 5 0.0955 4
3 52 8 0.6412 4
1 28 3 1.0776 4
1 57 3 0.8296 4
1 104 4 0.2265 4
3 427 9 0.5830 4
1 39 3 0.5130 4
0 30 1 1.3312 4
1 64 3 0.6468 4
0 24 2 1.0923 4
2 688 5 0.0996 4
1 26 3 0.3820 2
1 152 3 0.4218 4
1 11 3 1.0663 2
1 177 3 0.4011 4
1 44 4 0.2981 3
1 402 3 0.3166 4
1 17 2 1.3921 4
2 324 5 0.0430 3
0 114 3 0.5608 4
0 32 1 1.2666 4
1 163 3 0.5734 4
2 6 8 1.6580 2
1 70 3 0.4157 4
2 570 6 0.0320 4
1 42 3 0.5793 4
1 143 4 0.4450 4
3 111 8 0.5220 4
1 17 3 0.4950 1
1 120 4 0.6375 4
0 154 3 0.5895 4
2 33 5 0.6203 4
2 1875 5 0.0209 2
2 44 6 0.2687 2
1 130 3 0.5935 4
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59 Gammarus pulex Crustacea 5291
60 Gmelinoides fasciatus Crustacea 
61  Ostracoda Gen. sp. Crustacea 8740
62  Paramysis sp. Crustacea 
63  Argyroneta aquatica Arachnida 4349
64  Hydrachnidia Gen. sp. Arachnida 8825
65 Arthroplea congener Ephemeroptera 4351
66 Baetis  muticus Ephemeroptera 4409
67 Baetis  niger Ephemeroptera 4410
68  Baetis rhodani Ephemeroptera 4415
69  Baetis sp. Ephemeroptera 4419
70  Brachycercus harrisellus Ephemeroptera 4482
71 Caenis  horaria Ephemeroptera 4519
72 Caenis  lactea Ephemeroptera 4520
73 Caenis  luctuosa Ephemeroptera 4521
74  Caenis macrura Ephemeroptera 4522
75 Caenis  rivulorum Ephemeroptera 4526
76  Caenis robusta Ephemeroptera 4527
77  Centroptilum luteolum Ephemeroptera 8850
78  Cloeon sp. Ephemeroptera 4709
79  Ecdyonurus sp. Ephemeroptera 5053
80  Ephemera danica Ephemeroptera 5124
81 Ephemera lineata Ephemeroptera 5127
82  Ephemera vulgata Ephemeroptera 5129
83 Ephemerella ignita Ephemeroptera 5131
84  Ephemerella mucronata Ephemeroptera 5135
85  Habrophlebia fusca Ephemeroptera 5369
86 Habrophlebia sp. Ephemeroptera 5371
87  Heptagenia sulphurea Ephemeroptera 5457
88 Kageronia fuscogrisea Ephemeroptera 5452
89  Leptophlebia marginata Ephemeroptera 5730
90  Leptophlebia sp. Ephemeroptera 5731
91  Leptophlebia vespertina Ephemeroptera 5732
92  Paraleptophlebia sp. Ephemeroptera 6308
93 Paraleptophlebia submarginata Ephemeroptera 6309
94  Potamanthus luteus Ephemeroptera 6510
95 Procloeon sp. Ephemeroptera 9167
96  Siphlonurus alternatus Ephemeroptera 6860
97  Siphlonurus sp. Ephemeroptera 6864
98  Aeshna sp. Odonata 4226
99  Calopteryx sp. Odonata 4531
100 Calopteryx splendens Odonata 4530
101  Calopteryx virgo Odonata 4532
102 Coenagrion armatum Odonata 7424
103  Coenagrion hastulatum Odonata 7407
104  Coenagrion lunulatum Odonata 7420
105  Coenagrion pulchellum, or puella Odonata 11165
106  Coenagrion sp. Odonata 4722
107 Cordulegaster boltonii Odonata 4740
108  Cordulia aenea Odonata 4741
109  Enallagma cyathigerum Odonata 5100
110  Epitheca bimaculata Odonata 5146
111  Erythromma najas Odonata 5164
112 Gomphus sp. Odonata 5331
113  Gomphus vulgatissimus Odonata 5332
114  Ischnura elegans Odonata 5658
115  Lestes sp. Odonata 5736
116  Lestes sponsa Odonata 5735
117 Leucorrhinia albifrons Odonata 7450
118  Leucorrhinia caudalis Odonata 7449
119  Leucorrhinia dubia Odonata 7451
120  Leucorrhinia pectoralis Odonata 7453
121  Leucorrhinia rubicunda Odonata 7452
122  Leucorrhinia sp. Odonata 9064
123  Libellula fulva Odonata 5796
124  Libellula quadrimaculata Odonata 5797
125  Libellula sp. Odonata 9066
126  Onychogomphus forcipatus Odonata 19378
127  Ophiogomphus cecilia Odonata 8175
128  Orthetrum cancellatum Odonata 6207
129  Platycnemis pennipes Odonata 6438
130  Somatochlora metallica Odonata 6878
131  Somatochlora sp. Odonata 9192
132  Sympecma paedisca Odonata 7415
133  Sympetrum danae Odonata 7448
134 Sympetrum ﬂaveolum Odonata 6946
135 Sympetrum sanguineum Odonata 6948
136  Sympetrum sp. Odonata 9205 41 (2011) 398– 410 405
EM FBS 4 n WFBS IG Sign
 3 1355 8 0.3848 4
1 84 4 0.3439 4
 1 56 4 0.1927 2
1 4 3 2.3597 3
 0 273 1 1.3391 4
 1 1356 4 0.2436 4
1 5 2 1.5443 1
 2 134 7 0.2835 4
 2 33 7 0.3119 2
 3 616 9 0.5989 4
 3 1463 8 0.4258 4
 1 61 5 0.9510 4
1 399 3 0.5610 4
1 9 3 0.9514 1
 2 74 6 0.7898 4
 2 7 6 1.6672 3
 3 57 8 0.4661 4
 1 19 3 0.6813 3
 1 264 4 0.3464 4
 0 647 2 0.8365 4
 2 35 7 0.8932 4
 3 462 8 0.4331 4
1 26 4 0.5916 3
 2 262 6 0.2421 4
 2 317 7 0.4017 4
 3 18 11 1.8087 4
 2 105 7 0.3155 4
3 263 8 0.3755 4
 3 496 9 0.5765 4
 2 90 5 0.1862 4
 2 134 5 0.0713 2
 1 312 3 0.3280 4
 0 141 2 0.9391 4
 3 277 8 0.3422 4
3 179 8 0.4039 4
 2 19 5 0.7883 3
 1 55 3 1.3973 4
 1 21 3 0.5242 2
 2 96 5 0.0973 2
 0 352 2 0.7782 4
 2 341 6 0.3313 4
 2 148 6 0.3516 4
 2 171 6 0.3232 4
 0 32 1 1.4734 4
 0 144 1 1.4742 4
 0 11 1 1.6467 4
 0 20 1 1.1915 4
 0 250 1 1.2984 4
2 20 6 0.7395 3
 0 186 2 1.1188 4
 0 132 2 1.0151 4
 1 43 2 1.1915 4
 0 318 2 0.9741 4
 2 65 6 0.3578 4
 2 64 6 0.3658 4
 1 116 2 0.9435 4
 0 40 1 1.3680 4
 0 20 1 1.5197 4
 0 21 1 1.4333 4
 0 29 1 1.4709 4
 0 25 1 1.4560 4
 0 4 1 1.7964 1
 0 13 1 1.6230 4
 0 93 1 1.2815 4
 0 14 2 0.9683 3
 1 56 2 0.8440 4
 1 73 2 0.8149 4
 3 49 9 0.5951 4
 2 39 7 0.5076 4
 1 10 2 2.0450 4
 1 74 4 0.3429 4
 1 108 4 0.3022 4
 1 157 4 0.2648 4
 0 9 2 1.2532 2
 0 44 1 1.5276 4
 0 8 1 1.7040 3
 0 7 1 1.6339 3
 0 87 1 1.3048 4
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137 Sympetrum vulgatum Odonata 6949 
138 Amphinemura borealis Plecoptera 4292 
139  Amphinemura sp. Odonata 4293 
140  Amphinemura standfussi Odonata 4294 
141  Diura sp. Odonata 8962 
142  Isoperla difformis Odonata 5665 
143 Isoperla grammatica Odonata 5667
144 Isoperla sp. Odonata 5673 
145 Isoptena serricornis Odonata 5676 
146  Leuctra digitata Odonata 5760 
147  Leuctra fusca Odonata 5763 
148  Leuctra hippopus Odonata 5768 
149 Leuctra nigra Odonata 5779
150 Leuctra sp. Odonata 5790
151 Nemoura avicularis Odonata 6093 
152  Nemoura cinerea Odonata 6095 
153 Nemoura ﬂexuosa Odonata 6097 
154  Nemoura sp. Odonata 6108 
155  Nemurella pictetii Odonata 6113 
156  Perlodes dispar Odonata 6373 
157  Perlodes microcephala Odonata 6376 
158  Perlodes sp. Odonata 6377 
159 Protonemura sp. Odonata 6616
160  Rhabdiopteryx acuminata Odonata 6677 
161 Siphonoperla burmeisteri Odonata 11139 
162  Taeniopteryx nebulosa Odonata 6969 
163  Sialis fuliginosa Megaloptera 6821 
164 Sialis lutaria Megaloptera 6822
165  Sialis sp. Megaloptera 6823 
166 Aphelocheirus aestivalis Heteroptera 4335 
167  Callicorixa praeusta Heteroptera 19312 
168  Corixa dentipes Heteroptera 8189 
169  Cymatia bonsdorfﬁi Heteroptera 11213 
170  Cymatia coleoptrata Heteroptera 4849 
171 Cymatia sp. Heteroptera 8952
172  Gerris argentatus Heteroptera 5298 
173 Gerris sp. Heteroptera 5303 
174  Hesperocorixa linnaei Heteroptera 5462 
175  Hesperocorixa sahlbergi Heteroptera 5463 
176  Hesperocorixa sp. Heteroptera 9014 
177  Ilyocoris cimicoides Heteroptera 19346 
178 Mesovelia furcata Heteroptera 5966 
179  Micronecta minutissima Heteroptera 10344 
180 Microvelia sp. Heteroptera 9090 
181  Nepa cinerea Heteroptera 6118 
182  Notonecta glauca Heteroptera 19375 
183  Notonecta lutea Heteroptera 6137 
184  Notonecta sp. Heteroptera 6139 
185 Plea  minutissima Heteroptera 19392
186  Ranatra linearis Heteroptera 6674 
187  Sigara distincta Heteroptera 8212 
188  Sigara falleni Heteroptera 6825 
189  Sigara semistriata Heteroptera 8216 
190 Sigara striata Heteroptera 6830 
191  Velia saulii Heteroptera 8211 
192  Velia sp. Heteroptera 7150 
193  Acilius canaliculatus Coleoptera 17453 
194  Acilius sp. Coleoptera 17455 
195 Acilius sulcatus Coleoptera 17456 
196  Anacaena sp. Coleoptera 17507 
197  Berosus sp. Coleoptera 17579 
198  Brychius elevatus Coleoptera 17593 
199  Cercyon sp. Coleoptera 17620 
200  Coelostoma orbiculare Coleoptera 17643 
201  Colymbetes paykulli Coleoptera 17648 
202  Colymbetes sp. Coleoptera 17650 
203  Colymbetes striatus Coleoptera 17651 
204  Cybister laterimarginalis Coleoptera 17663 
205  Deronectes latus Coleoptera 17701 
206  Donacia sp. Coleoptera 17724 
207  Dytiscus lapponicus Coleoptera 17761 
208  Dytiscus sp. Coleoptera 17766 
209  Elmis aenea Coleoptera 17768 
210  Elmis sp. Coleoptera 17779 
211  Elodes sp. Coleoptera 17791 
212 Enochrus sp. Coleoptera 17812 
213 Enochrus testaceus Coleoptera 17813 
214  Graphoderus bilineatus Coleoptera 17835  41 (2011) 398– 410
FBS 4 n WFBS IG Sign
0 20 1 1.5611 4
3 79 10 0.8475 4
3 154 10 0.7842 4
3 32 9 0.6902 4
3 7 6 0.9119 0
3 15 10 0.9953 3
3 272 10 0.7856 4
3 314 10 0.7932 4
2 4 7 1.9089 2
2 185 6 0.5589 4
3 15 9 0.6920 2
3 78 10 0.7844 4
3 15 9 0.8854 3
3 401 8 0.4463 4
2 7 8 1.2235 1
3 849 8 0.4231 4
3 10 8 0.8155 1
3 942 8 0.4181 4
3 32 8 0.7405 4
3 15 9 0.8420 3
3 26 11 1.2574 4
3 41 10 1.0164 4
3 7 11 0.9838 0
3 20 10 1.1460 4
3 7 10 1.1967 1
3 73 10 0.7671 4
3 203 8 0.4471 4
1 220 3 0.4589 4
2 477 6 0.1029 4
3 203 8 0.4752 4
1 33 4 0.4401 3
0 14 2 0.9424 3
0 45 0 1.7192 4
0 72 1 1.0735 4
0 120 1 1.2568 4
1 24 5 1.2938 4
1 281 4 0.1185 4
1 20 3 0.5517 2
1 30 4 0.3260 2
1 79 4 0.2187 4
0 128 1 1.5501 4
0 59 1 1.5021 4
1 189 4 0.5096 4
1 24 2 1.3646 4
1 121 4 0.1281 3
0 158 3 0.5910 4
0 4 0 2.0646 2
0 321 2 0.8593 4
0 14 1 1.6820 4
0 31 1 1.3768 4
1 17 3 0.8321 3
1 42 3 0.4610 4
2 8 7 1.0786 1
1 93 5 0.1151 2
2 17 6 0.9031 3
2 34 7 0.3653 2
0 46 3 1.0501 4
0 68 2 1.0698 4
0 31 1 1.4099 4
1 30 4 0.2897 1
0 6 2 1.5218 2
3 123 8 0.5045 4
1 55 3 0.4111 4
0 15 1 1.6932 4
0 5 0 2.0646 3
0 15 2 1.0541 3
0 5 1 1.6354 2
0 7 2 1.2168 1
2 39 7 0.3274 3
1 62 3 0.5129 4
0 4 0 2.0646 2
0 93 3 0.7722 4
3 584 9 0.4770 4
3 594 9 0.4803 4
3 120 8 0.3320 4
0 42 1 1.0712 4
0 10 0 1.7420 4
0 11 0 2.0646 4
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215 Graphoderus cinereus Coleoptera 17836 
216 Graphoderus sp. Coleoptera 17837 
217  Graphoderus zonatus Coleoptera 19333 
218  Gyrinus marinus Coleoptera 17868 
219  Gyrinus minutus Coleoptera 17869 
220  Gyrinus sp. Coleoptera 17874 
221 Haliplus conﬁnis Coleoptera 17881
222 Haliplus ruﬁcollis Coleoptera 17899 
223 Haliplus sp. Coleoptera 17901 
224  Helochares sp. Coleoptera 17910 
225  Hydaticus seminiger Coleoptera 18001 
226  Hydaticus sp. Coleoptera 18002 
227 Hydraena sp. Coleoptera 18130
228 Hydrobius fuscipes Coleoptera 18157
229 Hydroglyphus geminus Coleoptera 18182 
230  Hydroglyphus sp. Coleoptera 18185 
231 Hydroporus angustatus Coleoptera 18195 
232  Hydroporus palustris Coleoptera 18240 
233  Hydroporus sp. Coleoptera 18251 
234  Hygrotus decoratus Coleoptera 18270 
235  Hygrotus impressopunctatus Coleoptera 18274 
236  Hygrotus inaequalis Coleoptera 18275 
237 Hygrotus quinquelineatus Coleoptera 18284
238  Hygrotus sp. Coleoptera 18285 
239 Hygrotus versicolor Coleoptera 18286 
240  Hyphydrus ovatus Coleoptera 18296 
241  Ilybius ater Coleoptera 18301 
242 Ilybius  fenestratus Coleoptera 18306
243  Ilybius sp. Coleoptera 18321 
244 Ilybius  subaeneus Coleoptera 18322 
245  Laccophilus hyalinus Coleoptera 18356 
246  Laccophilus poecilus Coleoptera 18358 
247  Laccophilus sp. Coleoptera 18359 
248  Limnius volckmari Coleoptera 18421 
249 Nebrioporus depressus Coleoptera 18466
250  Nebrioporus sp. Coleoptera 18475 
251 Noterus clavicornis Coleoptera 18488 
252  Noterus crassicornis Coleoptera 18489 
253  Noterus sp. Coleoptera 18491 
254  Orectochilus villosus Coleoptera 18613 
255  Oreodytes sanmarkii Coleoptera 18616 
256 Oulimnius sp. Coleoptera 18626 
257  Oulimnius tuberculatus Coleoptera 18629 
258 Platambus maculatus Coleoptera 18649 
259  Porhydrus lineatus Coleoptera 18663 
260  Rhantus exsoletus Coleoptera 18675 
261  Rhantus frontalis Coleoptera 18677 
262  Rhantus notaticollis Coleoptera 18682 
263 Rhantus sp. Coleoptera 18683
264  Rhantus suturellus Coleoptera 18685 
265  Riolus cupreus Coleoptera 18693 
266  Scirtes sp. Coleoptera 18706 
267  Suphrodytes dorsalis Coleoptera 18742 
268 Agapetus ochripes Trichoptera 4253 
269  Agraylea sp. Trichoptera 4257 
270  Agrypnia obsoleta Trichoptera 4258 
271  Agrypnia pagetana Trichoptera 4259 
272  Agrypnia picta Trichoptera 8145 
273 Agrypnia sp. Trichoptera 8864 
274  Agrypnia varia Trichoptera 4260 
275  Anabolia laevis Trichoptera 4299 
276  Anabolia nervosa Trichoptera 4300 
277  Anabolia sp. Trichoptera 4301 
278  Apatania sp. Trichoptera 4334 
279  Athripsodes aterrimus Trichoptera 4367 
280  Athripsodes cinereus Trichoptera 4369 
281  Beraeodes minutus Trichoptera 4444 
282  Brachycentrus subnubilus Trichoptera 4481 
283  Ceraclea annulicornis Trichoptera 4579 
284  Ceraclea dissimilis Trichoptera 4580 
285  Ceraclea nigronervosa Trichoptera 4582 
286  Chaetopteryx villosa Trichoptera 4628 
287  Cheumatopsyche lepida Trichoptera 4639 
288  Chimarra marginata Trichoptera 4641 
289  Cyrnus ﬂavidus Trichoptera 4874 
290 Cyrnus  insolutus Trichoptera 4875 
291 Cyrnus  trimaculatus Trichoptera 4877  41 (2011) 398– 410 407
FBS 4 n WFBS IG Sign
0 11 0 2.0646 4
0 32 1 1.7388 4
0 4 0 2.0646 2
1 19 2 0.7518 3
0 8 1 1.6192 3
1 166 4 0.1977 4
0 22 2 0.9766 4
0 47 2 0.8546 4
1 242 4 0.3185 4
1 5 2 1.5443 1
0 5 0 2.0646 3
0 10 2 1.2737 3
3 294 9 0.5570 4
1 23 3 0.6667 3
1 27 3 0.6834 4
1 28 3 0.7060 4
1 12 5 1.1385 3
0 16 1 1.2764 4
0 97 3 0.5451 4
0 9 2 1.2047 2
0 7 0 2.0646 4
0 39 2 0.8116 4
0 6 2 1.2447 1
0 79 2 0.9153 4
0 16 1 1.6428 4
0 100 2 1.0196 4
0 11 1 1.6418 4
0 30 3 1.1564 4
1 167 9 0.2809 4
0 5 2 1.4814 1
1 49 4 0.3224 3
0 7 0 2.0646 4
1 67 9 0.2973 4
3 549 9 0.4878 4
2 101 5 0.1800 4
2 103 5 0.1913 4
0 42 1 1.3638 4
0 94 1 1.3592 4
0 132 1 1.3070 4
3 114 8 0.4014 4
3 16 9 0.9457 3
3 260 8 0.3607 4
3 186 8 0.4924 4
3 174 7 0.3081 4
0 24 1 1.1794 4
1 56 4 0.6443 4
0 12 2 1.3084 4
0 5 2 1.4814 1
0 138 3 0.5865 4
0 6 1 1.6585 2
2 40 8 1.0980 4
0 42 1 1.4688 4
1 10 4 0.8415 1
3 199 10 0.9321 4
2 11 4 0.9764 2
0 37 1 1.1910 4
1 37 2 0.8441 4
0 7 2 1.9157 3
0 100 2 1.0156 4
0 9 2 1.8866 4
2 35 6 0.3274 2
2 257 5 0.1923 4
2 323 6 0.1771 4
3 31 9 0.8742 4
1 62 4 0.3278 4
2 155 6 0.2356 4
3 10 11 0.4293 0
3 137 7 0.4106 4
2 28 7 0.5528 3
2 15 8 1.0981 4
3 7 9 1.2197 1
3 733 9 0.4863 4
3 54 9 0.7240 4
3 5 10 1.7438 2
0 222 2 1.1142 4
0 25 1 1.4398 4
2 13 3 0.5814 0
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292 Ecnomus tenellus Trichoptera 5064 
293 Goera pilosa Trichoptera 5329 
294  Grammotaulius nigropunctatus Trichoptera 5335 
295  Grammotaulius sp. Trichoptera 5337 
296  Halesus digitatus Trichoptera 5375 
297  Halesus radiatus Trichoptera 5376 
298 Halesus sp. Trichoptera 5378
299 Halesus tesselatus Trichoptera 5379 
300 Holocentropus dubius Trichoptera 5487 
301  Holocentropus picicornis Trichoptera 5488 
302  Holocentropus sp. Trichoptera 5489 
303  Hydatophylax infumatus Trichoptera 5499 
304 Hydropsyche angustipennis Trichoptera 5588
305 Hydropsyche contubernalis Trichoptera 5592
306 Hydropsyche pellucidula Trichoptera 5601 
307  Hydropsyche siltalai Trichoptera 5604 
308 Hydropsyche sp. Trichoptera 5605 
309  Hydroptila sp. Trichoptera 5616 
310  Ironoquia dubia Trichoptera 5657 
311  Ithytrichia lamellaris Trichoptera 5677 
312  Lasiocephala basalis Trichoptera 5713 
313  Lepidostoma hirtum Trichoptera 5723 
314 Leptocerus tineiformis Trichoptera 5728
315  Limnephilus bipunctatus Trichoptera 5819 
316 Limnephilus extricatus Trichoptera 5826 
317  Limnephilus ﬂavicornis Trichoptera 5827 
318  Limnephilus griseus Trichoptera 5831 
319 Limnephilus lunatus Trichoptera 5837
320  Limnephilus marmoratus Trichoptera 5838 
321 Limnephilus nigriceps Trichoptera 5839 
322  Limnephilus politus Trichoptera 5840 
323  Limnephilus rhombicus Trichoptera 19351 
324  Limnephilus stigma Trichoptera 5845 
325  Lype reducta Trichoptera 5921 
326 Lype  sp. Trichoptera 8847
327  Micrasema setiferum Trichoptera 19358 
328 Micropterna sequax Trichoptera 6023 
329  Micropterna sp. Trichoptera 6024 
330  Molanna angustata Trichoptera 6045 
331  Mystacides azurea Trichoptera 6062 
332  Mystacides longicornis Trichoptera 6063 
333 Mystacides niger Trichoptera 6064 
334  Mystacides sp. Trichoptera 6065 
335 Nemotaulius punctatolineatus Trichoptera 6091 
336  Neureclipsis bimaculata Trichoptera 6122 
337  Notidobia ciliaris Trichoptera 6134 
338  Odontocerum albicorne Trichoptera 6168 
339  Oecetis furva Trichoptera 6170 
340 Oligostomis reticulata Trichoptera 6185
341  Orthotrichia sp. Trichoptera 8651 
342  Oxyethira sp. Trichoptera 6268 
343  Phacopteryx brevipennis Trichoptera 8012 
344  Phryganea bipunctata Trichoptera 6391 
345 Phryganea grandis Trichoptera 6392 
346  Phryganea sp. Trichoptera 6393 
347  Plectrocnemia conspersa Trichoptera 6444 
348  Polycentropus ﬂavomaculatus Trichoptera 6468 
349  Polycentropus irroratus Trichoptera 6469 
350 Polycentropus sp. Trichoptera 6472 
351  Potamophylax cingulatus Trichoptera 19394 
352  Potamophylax latipennis Trichoptera 6522 
353  Potamophylax rotundipennis Trichoptera 6526 
354  Potamophylax sp. Trichoptera 6527 
355  Psychomyia pusilla Trichoptera 6661 
356  Rhyacophila fasciata Trichoptera 6765 
357  Rhyacophila nubila Trichoptera 6772 
358  Rhyacophila obliterata Trichoptera 6773 
359  Rhyacophila sp. Trichoptera 6780 
360  Semblis phalaenoides Trichoptera 13638 
361  Sericostoma personatum Trichoptera 6817 
362  Silo pallipes Trichoptera 6834 
363  Silo sp. Trichoptera 6836 
364  Stenophylax permistus Trichoptera 6911 
365  Tinodes waeneri Trichoptera 7069 
366  Triaenodes bicolor Trichoptera 7088 
367 Wormaldia sp. Trichoptera 7168 
368 Cataclysta lemnata Lepidoptera 9456 
369  Nymphula stagnata Lepidoptera 9793  41 (2011) 398– 410
 FBS 4 n WFBS IG Sign
1 30 4 0.7749 4
2 75 7 0.4825 4
0 65 2 0.7197 4
0 84 2 0.7448 4
3 26 8 0.6440 4
3 164 8 0.4875 4
3 735 8 0.3912 4
3 253 8 0.4990 4
0 103 1 1.2097 4
0 21 1 1.2682 4
0 135 1 1.1013 4
3 8 9 1.2542 2
3 412 8 0.4489 4
2 29 7 0.8004 4
3 518 9 0.6533 4
3 79 11 1.0978 4
3 1022 9 0.4985 4
2 72 6 0.4492 4
3 71 8 0.5377 4
3 71 8 0.3457 4
3 26 9 0.7168 4
3 207 9 0.6484 4
0 12 2 1.1336 3
2 21 7 0.6680 3
3 55 7 0.2275 2
1 339 3 0.2908 4
2 8 7 1.3687 2
3 56 8 0.3615 4
0 7 2 1.2239 1
1 58 3 0.5462 4
0 18 1 1.6865 4
3 460 8 0.2776 4
1 46 4 0.2190 2
3 86 8 0.2784 4
3 95 8 0.2966 4
3 50 11 1.1951 4
3 74 9 0.6918 4
3 89 8 0.5130 4
1 304 4 0.4113 4
1 4 4 1.6672 1
1 16 2 0.6252 2
0 13 1 1.6230 4
1 224 3 0.7131 4
0 31 2 1.1104 4
2 74 6 0.2817 4
3 35 8 0.4944 4
3 62 8 0.6451 4
0 17 2 1.2948 4
2 24 6 0.4117 2
0 9 2 1.0020 1
1 51 3 0.4729 4
1 5 4 2.2439 3
1 32 3 0.5130 3
0 66 2 0.7566 4
1 115 2 0.6573 4
2 137 7 0.3196 4
3 415 8 0.4482 4
3 9 10 1.1927 2
3 424 8 0.4276 4
3 16 9 0.9153 3
3 498 9 0.5938 4
3 275 8 0.5426 4
3 699 9 0.5553 4
3 32 8 0.7901 4
3 209 9 0.6232 4
3 265 10 0.7404 4
3 10 10 0.9528 2
3 693 9 0.6869 4
2 6 6 1.6443 2
3 179 9 0.5424 4
3 263 10 0.7719 4
3 319 10 0.7602 4
3 21 10 1.0854 4
1 41 5 0.6328 4
0 130 1 1.4160 4
3 11 9 0.8510 1
0 18 1 1.3754 4
0 26 2 0.9225 4
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370 Parapoynx stratiotes Lepidoptera 9461 
371  Pyralidae Gen. sp. Lepidoptera 16671 
372 Antocha sp. Diptera 4330 
373  Atherix ibis Diptera 4363 
374  Ceratopogonidae Gen. sp. Diptera 14845 
375  Chaoborus crystallinus Diptera 4632 
376 Chaoborus ﬂavicans Diptera 4633
377  Chaoborus obscuripes Diptera 4634 
378 Chaoborus sp. Diptera 4636 
379  Culicidae Gen. sp. Diptera 7726 
380  Dixidae Gen. sp. Diptera 4990 
381  Dicranota sp. Diptera 4955 
382 Eloeophila sp. Diptera 9654
383 Limoniidae Gen. sp. Diptera 8483
384  Muscidae Gen. sp. Diptera 8659 
385  Phalacrocera replicata Diptera 11353 
386  Psychodidae Gen. sp. Diptera 8753 
387  Ptychoptera lacustris Diptera 9504 
388  Ptychoptera sp. Diptera 7309 
389  Simuliidae Gen. sp. Diptera 6842 
390  Oxycera sp. Diptera 6266 
391  Stratiomys sp. Diptera 6932 
392 Stratiomyidae Gen. sp. Diptera 8761
393  Tabanidae Gen. sp. Diptera 8485 
394 Tipulidae Gen. sp. Diptera 8487 
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